Item difficulties of the CAMCOG and CAMCOGPlus items were previously estimated with the one parameter logistic model (OPLM), a Rasch type of model [1, 2] using existing data. Item difficulties and ability levels are estimated on a common scale of global cognitive ability expressed in log odds that typically range from −2 to +2. The log odds have a one to one correspondence to the total score of the test(s) under study. In addition, the validity of item difficulties as measures of the global cognitive ability scale can be examined with the OPLM.
Examining the validity of the item difficulties is based on the following rationale. In the OPLM, the probability of responding correctly to an item is a function of an individual's estimated ability level relative to the estimated difficulty level of the item. The estimated item difficulty corresponds with an ability level which yields a 50% chance of responding correctly. An individual who has an ability that is exactly equal to the item difficulty level has a 50% probability of responding correctly. Individuals with lower ability have a lower probability to respond correctly, individuals with higher ability have a higher probability. Someone with low ability will have a low probability to respond correctly to most items, whereas a difficult item may have a low probability of responding correctly even for individuals with high ability levels. For different cumulative ability estimates the probability to respond correctly can be calculated. These are the expected probabilities to respond correctly. If the item is a measure of an underlying dimension of global cognitive ability that is also assumed to be measured by the other items of the test, an increase of responding correctly would be expected with an increase of ability. Using χ 2 statistics the observed proportions of people who respond correctly can be compared with the expected probabilities. P-values < 0.01 indicate significant deviance of the observed proportions from the expected probabilities indicating that the item is not measuring the underlying dimension of global cognitive ability. The figure below illustrates this idea. It shows the probability of drawing a spiral correctly. The item difficulty is about zero ability, which indicates that copying a spiral is intermediately difficult. Memory items would probably be more difficult (located at ability levels >0), whereas complying to a verbal command is probably easier (located at ability levels <0). The solid line represents the probability of responding correctly that is assumed to increase with an increase of ability. The crosses represent the observed proportions of people from cumulative ability classes who do this item correctly. These observed proportions do not suggest that the probability to respond correctly increases with an increase in ability level. Apparently the item is not measuring the underlying dimension of global cognitive ability. After all, the dimension of global cognitive ability would predict an increase of responding correctly with an increase in ability. Calculating a χ 2 statistic of these differences is likely to result in significant deviances of the observed proportions from the expected probabilities. In such case, the easiest solution is to exclude the item from the item set or test. If possible, it would be worthwhile to study why the item does not measure the underlying the dimension. The item could be more difficult for older individuals than younger individuals who have the same ability. 
THE CAMCOG ITEM SET
The CAMCOG item set contains 47 items from the original 60 item CAMCOG [3] that includes the MMSE [4] . Items came from the CAMCOG subtests abstract thinking (1 item), attention, concentration and calculation (3 items), comprehension (8 items), expression (4 items), incidental learning (3 items), orientation (9 items), perception (3 items) praxis (7 items), recent memory (4 items) and remote memory (5 items). For 13 items, item difficulty levels could not be validly estimated. OPLM results for the CAMCOG are described elsewhere [5] .
THE CAMCOG-PLUS ITEM SET
The CAMCOG-Plus has 51 items or tests out of a total of 64 items or tests that were initially considered for inclusion in the CAMCOG-Plus. Items came from the CAMCOG, MMSE ADAS-cog [6] or were neuropsychological tests (see Supplementary Table 1) .
The neuropsychological tests of the CAMCOG-Plus included the digit span forward [7] and the trail making test part A [8] to assess attention, the digit span backward [7] to assess working memory, the visual association test [9] to assess episodic memory, and the trail making test part B [8] , the Stroop color word test [10] , insect fluency 60 s [11] , the digit symbol test [7] and the mazes test [12] to assess executive function.
The remaining items or tests had to be excluded for various reasons. First of all, there were a number of duplicate tests from the itembank that had to be excluded. Neuropsychological Tests: animal fluency 30 and 120 s; ADAS-cog: temporal and spatial orientation, delayed recall; CAMCOG: ideational praxis, verbal commands, and recall of the address. Second, the incidental learning and delayed recall conditions of the digit symbol test were also not included, because it is difficult to administer these tests adaptively with a computerized adaptive testing algorithm. The reason is that the adaptive testing algorithm can select these items before presenting the digit symbol test. Third, two items, namely tactile perception and gnosis (objects from an unusual angle from the CAMCOG) were also excluded because they were found to be unreliable. Fourth, the naming item of the MMSE had more than 95% of its responses in one category, precluding a reliable estimate of its difficulty. Fifth, for 1 item (Language comprehension, ADAS-cog) the difficulty level could not be estimated validly and it was therefore misfitting the OPLM (see Supplementary For matter of simplicity, the CAMCOG-Plus items were dichotomized and for every item a difficulty level was estimated for the cut-off point at which the item was dichotomized. 18 are CAMCOG items in their original form or assemblies of related items (for Q25, Q33, Q35, Q37, Q43, and Q44), 11 are MMSE items, 10 are ADAS-cog items, and 12 are neuropsychological tests.
ADAPTIVE ADMINISTRATION OF THE CAMCOG AND CAMCOG-PLUS
A computerized adaptive testing (CAT) algorithm using these item difficulties was programmed to tailor the administration of either the CAMCOG or CAMCOG-Plus to each individual participant. CAT estimates a participant's cognitive ability level by only selecting items of appropriate difficulty.
The algorithm was validated with already collected CAMCOG data of patients with Alzheimer's disease (AD) and vascular dementia (VaD) [13;14] . A standard set of items was always administered at the beginning of the test. The set consisted of naming items and delayed recall items and items to assess executive function. There were two practical reasons to administer this set at the beginning of the test. Firstly, CAT often selects delayed recall of previously named and encoded stimuli prior to the naming of the stimuli which makes no sense. Secondly, the items of the set assured the measurement of the important domains of episodic visual and verbal memory, perception and executive function. For the CAMCOG a set of six items (item numbers correspond to original CAMCOG numbers) were presented in the following order:
After administering these initial item sets, the CAT made a provisional estimate of a patient's ability along with a standard error as a measure of reliability using either the CAMCOG or the CAMCOG-Plus items. Subsequently, the CAT updated the ability estimate and the standard error after each response made by the patient by selecting an item with a difficulty nearest to the patient's provisionally estimated ability. With the administration of each subsequent item, the estimate of the patient's ability became more reliable (a smaller standard error) thereby increasing the adequacy of the item selection. The CAT process terminated after reaching a maximum of 25 items or a standard error of 0.15 which reflects 90% reliability.
